Abstract: During a survey of the freshwater diatom flora on the sub-Antarctic islands of the southern Indian Ocean, two new Planothidium species were observed, showing some resemblance to Planothidium delicatulum. Therefore, the type material of Achnanthidium delicatulum Kützing was analysed, a common species in northern hemisphere waterbodies that was later transferred to the genus Planothidium. Additionally the material of Types du Synopsis des Diatomées de Belgique n° 234, designated in 1980 as neotype for Achnanthes delicatula was investigated. This analysis showed that the population in Types n° 234 is not conspecific with Achnanthidium delicatulum but in fact is a population of Planothidium galaicum. Both Planothidium species in the investigated Antarctic material are described as new to science: P. lilianeanum Van de Vijver sp. nov. and P. australodelicatulum Van de Vijver, C.E.Wetzel et Ector sp. nov. The new species can be differentiated based on differences in valve outline, presence of ridges and silica outgrowths on the rapheless valve, the structure of the raphe and the shape and size of the central area. Notes on the ecology and distribution of the new Antarctic species are added. Achnanthidium delicatulum is formally lectotypified.
Introduction
During a new survey of the monoraphid diatom flora of the sub-Antarctic islands, two unknown Planothidium species were observed, originally identified as Planothidium delicatulum (Kützing) Round et Bukhtiyarova (Le Cohu & Maillard 1983; Van de Vijver et al. 2002; Le Cohu 2005) . The two unknown Planothidium taxa found on Iles Kerguelen and Iles Crozet in the southern Indian Ocean show a clear resemblance to P. delicatulum s.s. Unfortunately, comparison with the latter proved to be difficult as doubts have recently been raised on the typification of the name Achnanthidium delicatulum Kützing, basionym of Planothidium delicatulum (Álvarez-Blanco & Blanco 2013; Riaux-Gobin et al. 2018) . For a long time the original material of Achnanthidium delicatulum Kützing, published in 1844, was thought to be lost and thus no more available (Lange-Bertalot & Ruppel 1980, p. 2) . Consequently, Lange-Bertalot (in Lange-Bertalot & Ruppel 1980) designated as "neotype" the slide n° 234 of Van Heurck "Types du Synopsis" preserved in the Natural History Museum, London, as n° BM 26545 (Van Heurck 1880 -1885 . This neotypification was challenged by Álvarez-Blanco & Blanco (2013) for two reasons: first, because the chosen neotype was in obvious conflict with the original description and illustrations, and secondly, because Kützing's published illustrations which are part of the original material (McNeill et al. 2012, art. 9. 3) are available and could have been taken into account for lectotypification of the name (McNeill et al. 2012, art. 9.12, 9.13 ). However, Álvarez-Blanco & Blanco (2013) did not formally correct the mistake by designating a new lectotype.
Recently, several gatherings by Kützing from Wangerooge, the original locality of Achnanthidium delicatulum, were found in the Van Heurck Collection (BR, Belgium). Additionally, unmounted material from which slide n° 234 was prepared, was also found in the Van Heurck Collection (BR, Belgium).
The present paper describes two new Planothidium species from the sub-Antarctic islands: P. lilianeanum Van de Vijver sp. nov. and Planothidium autralodelicatulum Van de Vijver, C.E.Wetzel et Ector sp. nov. using LM and SEM observations, comparing both new taxa with already known taxa. The historic Achnanthidium delicatulum material from Kützing and Van Heurck is and slides are stored at the BR-collection (Botanic Garden Meise, Belgium). For scanning electron microscopy (SEM), parts of the oxidized suspensions were filtered through a 2-µm Isopore™ polycarbonate membrane filter (Merck Millipore) . The stubs were sputter-coated with a Gold-Palladium layer of 20 nm and studied in a JEOL-JSM-7100F (Botanic Garden Meise, Belgium) and a ZEISS Ultra SEM microscope at 3 kV (Natural History Museum London, UK). Diatom terminology follows Ross et al. (1979) (stria/areola structure), Round et al. (1990) (raphe structure) and Round & Bukhtiyarova (1996) (genus morphology). The abbreviations RLV and RV are used for the rapheless valve and raphe valve respectively. The morphology of the new taxa has been compared with the ultrastructure of known species described worldwide (Krammer & Lange-Bertalot 1991 
Results
In the historic Kützing material from Wangerooge, two (rare) Planothidium taxa were observed: two valves were identified as P. delicatulum (Figs 1-2) whereas the other observed valves belonged to a taxon that has been described by Hustedt in 1939 as Achnanthes linkei (Hustedt 1939) , later transferred to Planothidium linkei (Hustedt) Lange-Bertalot 1999 (Figs 3-8) . The latter is easily separated from P. delicatulum by its much larger valves, the clearly protracted, thin, rostrate apices and the central striae on the rapheless valve that are more distant that all other striae. 
Achnanthidium delicatulum

Material and Methods
The past twenty years, aquatic, moss and soil samples were collected during several field campaigns on islands in the southern Indian Ocean (Prince Edward Islands, Iles Crozet, Iles Kerguelen and Heard Island). In the present study, samples from three archipelagos were further analysed: Prince Edwards Islands (46°53'19"S, 37°44'08"E), Iles Crozet (46°24′41″ S, 51°45′22″ E) and Iles Kerguelen (49°20'00" S, 69°20'00" E). The three archipelagos are located ca. 1000-2000 km from the coasts of South Africa and Australia, and have a typical oceanic cold climate. Mean annual temperature at the Port-aux-Français (Iles Kerguelen) weather station ranges 7.7 °C in February (austral summer season) to 2.1 °C in August (winter season). Annual precipitation exceeds often 3200 mm, mainly in the form of rain and snow (Frenot et al. 1997) . The vegetation on the islands is mainly dominated by grasses and mosses. The native vascular flora consists of only 22 species occurring up to an altitude between 200 and 300 m.
More information regarding sampling localities and methods is given in Van de Vijver et al. (2001 , 2008 Diatom samples were prepared for light microscopy (LM) observation following the method described in van der Werff (1955) . Small parts of the samples were cleaned by adding 37% H 2 O 2 and heating to 80 °C for about 1 h. The reaction was completed by addition of KMnO 4 . Following digestion and centrifugation (three times 10 minutes at 3700 g), cleaned material was diluted with distilled water to avoid excessive concentrations of diatom valves on the slides. Cleaned diatom material was mounted in Naphrax®. The slides were analyzed using an Olympus BX53 microscope, equipped with Differential Interference Contrast (Nomarski) and the Olympus UC30 Imaging System. Samples Terminal raphe fissures unilaterally bent (Fig. 25) . Striae composed of 2-5 rows of small, rounded areolae (Figs 26, 27) . Striae near the central area becoming narrower towards the axial area. Near the apices, virgae between the striae becoming extremely narrow to even absent (Fig. 28) . External spinules absent (Fig. 25) . Internally, proximal raphe endings deflected into opposite directions (Fig. 28) . Distal raphe endings terminating on a small helictoglossa (Fig. 28) . showing an asymmetrical pattern with one side having weakly radiate to almost parallel striae and the other side more radiate striae with a shortened striae inserted near the center of the valve. (Fig. 43) . Small silica outgrowths covering some of the areolae, only present on the striae, never on the virgae or the axial area. Internally, virgae well developed (Fig.  44) . RV (Figs 45-46) Proximal raphe endings straight, located in narrow, elongated grooves. Terminal raphe fissures short, straight, weakly enlarged (Fig. 45) . Striae composed of 3 rows of rather large, rounded areolae, the middle row occasionally slightly smaller than the outer rows (Fig. 45) . Striae near the central area becoming narrower towards the axial area. Near the apices, virgae becoming extremely narrow to even absent (Fig. 46) . Internally, proximal raphe endings hooked into opposite directions (Fig. 46) . Distal raphe endings terminating on a small helictoglossa (Fig. 46) . was found in several samples collected near the Lac Studer, a large lake in the inland of Grande Terre, the main island of the Kerguelen Archipelago. The largest populations were found living on wet mosses on the shore of the lake. PH of the water dripping through and over the mosses varied around 7.3 with a conductivity of 230 µS.cm -1
Planothidium lilianeanum
. So far, the species has not been found on the other islands in the southern Indian Ocean, despite an intensive sampling campaign on all islands.
Planothidium australodelicatulum Van de Vijver, C.E.Wetzel et Ector sp. nov. (Figs 47-71) Light microscopy (Figs 47-66):
Frustules in girdle view clearly bent about the transapical axis (Fig. 57) . Valves (Fig. 67) . Near the valve margins, small, crescent moon shaped low ridges present terminating each virga (Figs 67, 68) . Striae continuing with a few areolae on the valve mantle (Fig. 68) . Internally, virgae well developed (Fig. 69) . RV (Figs 70-71) Proximal raphe endings enlarged, almost drop-like, weakly deflected. Terminal raphe fissures unilaterally bent (Fig. 70) . Striae composed of 4-5 rows of small, rounded areolae (Fig. 70) . Striae near the central area becoming narrower towards the axial area. Central striae (1-2) shortened. Near the apices, virgae between the striae becoming narrower (Fig.  70) . Internally, proximal raphe endings short, deflected into opposite directions (Fig. 71) . Distal raphe endings terminating on a small helictoglossa (Fig. 71) . Cohu 2005) . The largest population was found in a small seal wallow (pH 6.2) on Marion Island (Prince Edward islands) located on some coastal rocks. The influence of marine mammals (i.c. elephant seals) was clearly visible. On Ile de la Possession (Iles Crozet), the species was found in a several small, several small shallow lakes close to the ocean, on various localities on the island. The pH of the lakes ranged from 7.4 to 9.4 with a conductivity ranging from 300 to more than 3000 µS.cm -1 . The influence of marine birds and mammals and sea spray was quite visible (Van de Vijver, pers. obs.).
Holotype
Discussion
Planothidium delicatulum is a widespread species in both marine and brackish environments (e.g., Snoeijs 1993; Riaux-Gobin et al. 2018 ). Lange-Bertalot & Krammer (1989) grouped several of these forms as one Achnanthes delicatula-complex. The absence of an analysis of the type material resulted in a long lasting confusion about the correct identity of this species. Based on literature data, the species seems to have a worldwide distribution (e.g., Servant-Vildary & Roux 1990; Witkowski 1991; Campeau et al. 1999; Lange & Tiffany 2002; Blanco Lanza et al. 2010) , often reported as varieties of forms or erroneously under different names such as Achnanthes hauckiana Grunow (Tropper 1975) . Several of these records show however valves with a vague resemblance to P. delicatulum s.s. but it is clear that they need to be reanalyzed to determine their correct taxonomic identity Analysis of the Wangerooge type material did not yield a lot of valves but based on the few LM observations of Achnanthidium delicatulum, it is clear that the neotype designated by Lange-Bertalot (in Lange-Bertalot & Ruppel 1980 ) based on the Van Heurck material (Types du Synopsis n° 234) is not conspecific with Achnanthidium delicatulum and should, for reasons mentioned above in the introduction and in Álvarez-Blanco & Blanco (2013), be separated from P. delicatulum. The scanning electron microscopy observations showed that this population is conspecific with P. galaicum a species described in 2013 by Álvarez-Blanco & Blanco. This conspecificity was however not discussed by Álvarez-Blanco & Blanco (2013) . SEM analysis of the Van Heurck material shows the presence of identical small spinules on the RLV. The population in Van Heurck Types n° 234 shows larger valves (length 15-20 vs. 9-15 in the type material of P. galaicum) and given similar valve widths for both population, this difference in valve length gives the population in Van Heurck n° 234 a more slender, elongated valve outlook. Nevertheless, we believe that both taxa are conspecific based on their identical striation patterns and the presence of the spinules.
Several Planothidium delicatulum populations were reported from the Antarctic Region (Schmidt et al. 1990; Wasell & Håkansson 1992; Van de Vijver et al. 2002; Le Cohu 2005) . The genus Planothidium is represented in the Antarctic region by more than 10 species. Most of these species belong to the lanceolatum-type. Within Planothidium, several types can be distinguished based on the structure of the rapheless valve: species with a hoof-mark (occasionally capped) depression on the RL valve (lanceolatum-type), small (maximum valve length <12 µm) species with a continuous striation pattern on the RL valve (granum-type) and large species (minimum valve length > 12 µm) with a continuous striation pattern on the RL valve (delicatulum-type). Most species in the Antarctic Region belong to the lanceolatum-type [e.g., P. cyclophorum (Heiden) Van de Vijver, P. rostrolanceolatum Van de Vijver et al., P. frequentissimum (Lange-Bertalot) Lange-Bertalot, P. aueri (Krasske) Lange-Bertalot) or the granum-type (e.g., P. quadripunctatum (Oppenheim) Sabbe, P. renei (Lange-Bertalot et Rol.Schmidt) Van de Vijver, P. wetzelectorianum Kopalová et al.] ( Van de Vijver et al. 2002 Kopalová et al. 2016) .
Only two taxa from the delicatulum-type were reported: P. delicatulum and P. australe (Van de Vijver et al. 2002; Le Cohu 2005; Zidarova et al. 2016) . Planothidium delicatulum has been frequently reported (usually as Achnanthes delicatula or A. linkei Hustedt) from the Maritime Antarctic Region (mainly the archipelagos of the South Shetland Islands and the South Orkney Islands) and the sub-Antarctic Islands. Kellogg & Kellogg (2002) listed more than 30 records of A. delicatula up to 2002. Analysis of the illustrated (using LM or SEM) records showed that all records from the Maritime Antarctic Region (e.g., Schmidt et al. 1990; Wasell & Håkansson 1992; Oppenheim 1994) belonged to Planothidium australe (Manguin in Bourrelly et Manguin) Le Cohu . As not all published records were illustrated, it is unclear whether P. delicatulum s.s. is present in the Maritime Antarctic Region (Van de Vijver, pers. obs.). The situation seemed to be different in the sub-Antarctic Region. Van de Vijver et al. (2002) illustrated several populations from Ile de la Possession (Iles Crozet) showing some affinity with P. delicatulum s.l. However, Planothidium lilianeanum presents several differences that separate the species from P. delicatulum. Valves of P. lilianeanum have a more elliptical valve outline with short, typically cuneately protracted, rostrate apices, which is rather similar to the two valves that were found in the type material of P. delicatulum. The axial area of the rapheless valve in P. lilianeanum is clearly lanceolate and quite broad compared to the narrow, linear axial area in P. delicatulum. The central area in the raphe bearing valve in P. delicatulum is very small, which is in contrast with the relatively large, rounded to rectangular central area in P. lilianeanum. The observed valves in the P. delicatulum type slide have a valve width of 8.5 µm, significantly larger than the valve width in P. lilianeanum (5.0-6.0 µm). Although the ultrastructure of P. delicatulum could not be examined, the observed differences in LM are sufficient to exclude conspecificity. Ecologically, both species are quite different. Planothidium lilianeanum was found in several moss samples collected from a circumneutral, fast-flowing river on Iles Kerguelen, more than 20 km inland and thus out of the influence of the ocean. On the other hand, P. delicatulum was described from a brackish sample on the Wangerooge Island in Germany. Planothidium hauckianum (Grunow) Round et Bukhtiyarova is sufficiently different based on its elongated, lanceolate valve outline, its low stria density (9-10 striae in 10 µm) and its typical brackish ecology to avoid confusion with P. lilianeanum (Krammer & Lange-Bertalot 1991) . Hustedt described in 1937 Achnanthes lacunarum var. fonticola from a waterfall on Java (Schmidt et al. 1937) . The species has a rather similar valve outline, but the rapheless valve has a very large axial area with only short marginal striae (Schmidt et al. 1937, plate 409, figs 64-67 Planothidium australodelicatulum resembles P. delicatulum. Since no valves were found during SEM analysis of the type material and only two valves were present in the investigated LM type slide, it is not obvious to separate both species. Planothidium has a more elliptical valve outline with shortly protracted, rather narrow cuneate-rostrate apices whereas P. australodelicatulum has a more elliptic-lanceolate valve outline with bluntly rounded, shortly protracted apices. The central area in P. australodelicatulum seems larger than in P. delicatulum. Although the ultrastructure of the type material of P. delicatulum could not be compared, the SEM pictures made from the French population that could be identified as P. delicatulum show marked differences in their ultrastructure. The two main differences are related to the structure of the striae and the valve surface and the presence/absence of the crescent moon shaped ridges. The rapheless valve of P. delicatulum illustrated in Snoeijs (1993) shows the very narrow to almost completely absent virgae between the striae whereas P. australodelicatulum has clearly developed, thickened virgae. Moreover, the crescent moon shaped ridges at the end of the virgae in P. australodelicatulum are entirely absent in P. delicatulum. In fact, none of the illustrated valves of P. delicatulum in the northern hemisphere (e.g., Yamamoto et al. 2017) show similar crescent moon shaped ridges whereas all observed populations of P. australodelicatulum in the southern Indian Ocean possess these ridges. Planothidium australodelicatulum also shows some resemblance to two other Planothidium taxa: P. iberense Rovira et Witkowski and P. densistriatum Van de Vijver et Beyens. Planothidium iberense, described from the Ebro Estuary (Rovira et al. 2011), shows a similar valve outline but the rapheless valve has a typical, conspicuous, asymmetrical central area, never observed in any population of P. australodelicatulum. Moreover, P. iberense lacks the crescent moon shaped ridges. The striae in P. iberense have usually a lower number of areolae per stria (2-4) whereas in P. australodelicatulum, several striae show 4-5 rows of areolae. Finally, Planothidium densistriatum, described from Ile de la Possession (Iles Crozet) is found in similar habitats as P. australodelicatulum and often co-occurs ( Van de Vijver et al. 2002) . Both taxa share the presence of the crescent moon shaped ridges but they can however easily be separated as P. densistriatum has a much more elliptical (broader, 7-12 µm) valve outline, a higher number of striae (17-23 in 10 µm in the rapheless valve) and extremely narrow, almost absent virgae. Conspecificity is therefore excluded.
